.44 nm and L=5 nm. The obtained conclusion suggests the idea that SrTiO 3 /BaTiO 3 superlattice nanowire can be a very good candidate for thermoelectric performance by reducing the periodic length and the wire cross-sectional width. Finally we also concluded that the thermal conductivity of the nanowire reduce more effectively due to reduction in diameter of nanowire in comparison to reduction in its periodic length.
Introduction
The emerging global need for energy production, sustainable development of eco-friendly thermoelectric materials are expected which widely used in power generation from the waste heat from automobiles etc. Thermoelectric modules are the devices that directly convert thermal energy into electrical energy without emitting greenhouse gases. This effect of converting thermal energy into electric energy is called "Seebeck effect". [1] Seebeck effect refers to a phenomenon in which a temperature difference creates an electric potential. So for the power generation highly efficient thermoelectric materials are needed. [2] The efficiency of thermoelectric devices can be measured by the figure of merit ZT which is a dimensionless quantity given as ZT= S 2 σT/κ, where S is the Seebeck coefficient, σ is the electrical conductivity, T is the absolute temperature and κ is the total thermal conductivity (i.e. lattice and electrical thermal conductivity). Therefore to improve the figure of merit of thermoelectric materials high PF value and a low lattice thermal conductivity are needed. [3, 4] . Performance of thermoelectric materials can be improved by using lowdimensional and superlattice structured thermoelectric materials. Lattice thermal conductivity can be reduced by using this approach of nanostructures and superlattice thermoelectric materials. [5] These thermoelectric materials are of great interest due to low size, cheaper than bulk materials. [6] which results in being improve the efficiency of thermoelectric devices. The reduction in lattice thermal conductivity in nanostructured thermoelectric materials is due boundary scattering of phonons when the size of thermoelectric materials is comparable to phonon mean free path. [7] Semiconductors are the efficient thermoelectric materials due to their lower thermal conductivity than bulk materials as the phonons behavior in semiconductors reduce the thermal conductivity when their diameters are comparable to the phonons mean free path. [8, 9] On the other hand superlattice structure with Nano scale size is also shows low lattice thermal conductivity. [3, 8, 10] Therefore semiconductor based superlattice nanowires are of great interest to improve the performance of thermoelectric materials due to their better interface and boundary scattering of phonons. [8] Many previous researches have been attempting to investigate the transport properties in superlattice structures which results in reduction of the lattice thermal conductivity. In previous paper [6] , the thermoelectric quantum dot semiconductor superlattices Bi 2 Te 3 /Sb 2 Se 3 and PbTe/PbTeSe shows improved thermoelectric properties along the cross plane and in-plane direction. Moreover, p-type LSMO/LMO superlattice material results lower thermal conductivity 0.89 W/mK in cross-plane direction at the room temperature which is lower than the thermal conductivities of bulk oxide thermoelectric materials. [11] The reduced thermal conductivity of Si/Si x Ge 1-x (0<x<1) superlattice nanowires were reported due to the phonon scattering and thus reduction in the phonon contribution in the thermal conduction. The figure of merit thus improves due to low thermal conductivity. [12] In other research paper , [13] lower thermal conductivity of Si/SiGe superlattice nanowires than the bulk Si nanowires of similar diameters were also reported.
In the present study we investigate the thermal conductivity of perovskite oxides SrTiO 3 and BaTiO 3 based superlattice nanowire as potential candidate for thermoelectric applications. We expect a lower thermal conductivity than bulk oxides which improve the figure of merit ZT of thermoelectric materials. Licensed Under Creative Commons Attribution CC BY SrTiO 3 is a potential thermoelectric oxide because of ecofriendly nature, non-toxic and stable at very high temperature. But the bulk SrTiO 3 has very large thermal conductivity of ∼12 W/mK at room temperature. [14] For the reduction of thermal conductivity of SrTiO 3 , doping and Nano structuring are done. The reduced thermal conductivity could be observed in SrTiO 3 nanowires due to interface and boundary scattering. [15] Barium titanate (BaTiO3) is a potential candidate of thermoelectric materials widely used for electronic devices, when it assumes the tetragonal structure. [16] Due to its largest lattice constant, it has largest ZT value among SrTiO3 , BaTiO3 and CaTiO3 [17] . Bulk BaTiO3 has low thermal conductivity of 2.65 W/mK hence suitable for thermoelectric applications. [18] In this research paper, Boltzmann transport equation with diffuse mismatch interface conditions are used to study the transport properties of phonons assuming the scattering of phonons in superlattice nanowire of semiconductor oxide SrTiO 3 /BaTiO 3 at room temperature.
The lattice thermal conductivity of SrTiO 3 /BaTiO 3 superlattice nanowire at room temperature are calculated by putting the parameters such as phonon mean free path and thermal conductivity of bulk materials at room temperature in Boltzmann transport equation (BTE) of phonons with diffuse mismatch model (DMM) interface conditions. In this paper, we first introduce the theoretical background of thermal conductivity, the simulation details, and at last results and discussion.
Theoretical Background of Thermal Conductivity
Thermal conductivity can be calculated by solving the Boltzmann transport equation. [19] Boltzmann transport equation based on diffuse mismatch model with diffuse interface boundary conditions is the fundamental equation for the theoretical study of the diffusive boundary and interface scattering of phonons in the materials ignoring its electrical transport properties. [20] Superlattice structure of nanowire is form when two different nanodots say S and B are arranged alternately having its periodic length of L=L S +L B . In this superlattice nanowire, completely diffusive and elastic scattering between the interfaces of two different materials which causes interfacial transport of phonons predicted by Boltzmann transport equation (BTE) based on Diffuse Mismatch Model (DMM). [21] 
Simulation Details
The diffuse mismatch model is the low temperatures model which assumes linear phonon dispersion relation with a constant phonon velocity typically applied at temperatures lower than Debye temperature. The Debye temperatures for the thermoelectric materials taken in this work are 486 K for BaTiO 3 [22] and 513K for SrTiO3 [15] . We therefore assume that for both materials, the diffuse mismatch model is applicable at room temperature. [21] The lattice thermal conductivity k SL of superlattice nanowires for the diffusive boundary scattering of phonons, is calculated by the equation given by [23] , = +4
(1) where k, v and C are the lattice thermal conductivity, phonon group velocity and volumetric specific heat capacity of the bulk material (S or B), SB (or BS ) is the transmission probability of energy of phonons from S to B or from B to S, through the interface of SrTiO 3 and BaTiO 3 . α S (or α B ) is a geometric factor which is given by [24] ,
where N is the number of segments of nanowire, L S or B is the length segment of nanowire, D w is the nanowire diameter. It only depends on the aspect ratio L S /D w (or L B /D w ) of the nanodots S and B, its values lie between 0.75 and 1 for cylindrical wires. In Equation (1), phonons scattering in pure bulk materials is shown by first and second term of the equation, third term accounts for the interface scattering and fourth term shows the boundary scattering in nanowire. These terms contribute for the lattice thermal conductivity of super lattice nanowire. The transmission probability using the diffuse mismatch model, SB is given by
and BS =1-SB . Equation (1) can then be rearranged as
Where S and B are the phonons mean free path in bulk materials S and B respectively, which are derived from kinetic theory,
Where k is the thermal conductivity, v is the group velocity of phonons, C is the volumetric heat capacity, and is the mean free path of the phonons. The effective phonon mean free path eff for one segment (say S or B) in the superlattice nanowire is given by (6) The effective thermal conductivity k eff in each segment is given by, 
Results and Discussion
The calculation of thermal conductivity of SrTiO 3 /BaTiO 3 superlattice nanowires can be done by keeping the length of the nanowire fixed at 300 K which is below the Debye temperatures of the bulk SrTiO 3 and BaTiO 3 . The periodic length for superlattice nanowires is L =L SrTiO3 +L BaTiO3 =10 nm having equal length segments, diameter of the nanowire is taken as 5 nm. The lattice thermal conductivity of SrTiO 3 /BaTiO 3 superlattice nanowire is calculated using the equation (8), the parameters of the bulk SrTiO 3 and bulk BaTiO 3 are taken through the references of previous research papers. The geometric factor α is taken as 0.75. By varying length segments and diameters the values of lattice thermal conductivity of SrTiO 3 /BaTiO 3 superlattice nanowires can be find out and plot a graph to study its thermal characteristics.
The thermal conductivity of bulk BaTiO 3 is 2.65 W/mK [18] and mean free path of phonons is 2.3 nm [25] and the parameters for SrTiO3 are its bulk thermal conductivity is 12 W/mK and mean free path of phonons is 2.35 nm. [14] By putting these parameters we can find the value of effective thermal conductivity of SrTiO 3 and BaTiO 3 and finally we study the variation in thermal conductivity by varying the diameters or length segments of superlattice nanowires by plotting graphs. 
Conclusions
The thermal conductivities of superlattice nanowire SrTiO 3 /BaTiO 3 samples were measured at room temperature, first by keeping the length segments constant having values of 5 nm and by varying the value of diameters as 0.44 nm, 0.55 nm, 0.75 nm, 1.18 nm and 1.58 nm and then by keeping the diameters constant and varying the value of length segments as 16 nm, 21 nm, 33 nm, 45 nm and 57 nm. The graph between the thermal conductivity and diameter of the superlattice nanowire keeping their length segments constant and the graph between thermal conductivity and length segment of superlattice nanowire keeping their diameters constant are plotted. The graphs show that as the total length of the superlattice nanowire is fixed, reducing the period length will lead to decreased effective thermal conductivity due to the increased number of interfaces. The reduced thermal conductivity of superlattice nanowire was found to be 0.5 W/mK for D w =0.44 nm and L=5 nm, which is very much less than the thermal conductivities of bulk SrTiO 3 and bulk BaTiO 3 both at room temperature. 
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